Abstract -We introduce a combinatorial construction of regular low-density parity check (LDPC) codes based on balanced incomplete block designs, or more specifically on cyclic difference families of Abelian groups and affine geometries. Several constructions are presented, and the bounds on minimal distance are derived by using the concept of Pasch configurations.
I. BALANCED INCOMPLETE BLOCK DESIGNS AND LDPC CODES
In the past few years several "random" low-density parity check codes (LDPCs) have been designed with performances very close to the theoretical limit. Although the considerations related to error performance are important, the complexity factors tend to dominate system architecture and design considerations, especially in extremely high speed applications such as magnetic recording and optical communications. The idea of this paper is to construct "deterministic" LDPC codes that admit low hardware complexity implementation. Recently several such constructions have been investigated. A LDPC construction based on finite geometries has been proposed by Kou et al. [ 2 ] , while MacKay and Davey [3] use Steiner systems to find minimum distance of Gallager codes. Another two related approaches for construction structured LDPC codes are method of using subgroups of the multiplicative group of a prime field [6] , and using Ramanujan graphs [ 6 ] .
We present several combinatorial constructions of regular Gallager codes based on balanced incomplete block designs (BIDBD) [l] . The parity check matrix of our codes is completely determined by a small set of parameters, and can lend itself to a very low complexity implementation. The bipartite graphs of BIBD codes have girth six. We present two constructions. The first one is based on difference families and the Z,, group, while the second construction is based on a rectangular lattice finite geometry. The first method exploits Netto [4] and Buratti [2] difference families, and gives a BIBD with v = 1 mod 6 , v power of a prime. The second construction gives much larger code family lower. The number of parity bits is equal to mk, m-a prime, and the blocks are defined as lines of different slopes connecting points of a mxk integer lattice. The bounds on the minimum distance of the BIBD codes can be established using combinatorial arguments, and are solely function on the parity check matrix column weight.
Given base blocks Bj l y l t , t>O, of a cyclic difference family (CDF) on an Abelian group, the blocks of a design are B,={b,~+g ,..., b,,k+g} where gE V. Generally, given a (v,k,/Z)CDF, the matrix of parity checks can be written in the form where each sub-matrix is a circulant of dimension VAV. As shown in [9] this structure supports very simple encoder and decoder. The form of H indicates that the CDF codes have a quasi-cyclic structure similar to Townsend and Weldon [7] self-orthogonal quasi-cyclic codes and Weldon's difference set codes [ 8 ] . Each orbit in the design corresponds to one circulant submatrix in a matrix of parity checks of quasi-cyclic codes. Therefore, we can conclude that the shortened self-orthogonal codes (with removed identity matrix) are LDPC codes.
The matrix of parity checks of a lattice codes can be written as an array of permutation different matrices Hij
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